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Wklv sdshu ghdov zlwk wkh lpsolfdwlrqv ri wkh h{shfwdwlrqv k|0
srwkhvlv ri wkh whup vwuxfwxuh rq wkh g|qdplfv ri lqwhuhvw udwhv/
zklfk duh vxssrvhg wr kdyh d uhvwulfwhg YDU uhsuhvhqwdwlrq1 Frq0
vwudlqwv rq wkh sdudphwhuv ri wkh uhvwulfwhg YDU ohdg xv wr suhihu
dq lqgluhfw hvwlpdwlrq edvhg rq wkh huuru0fruuhfwlrq prgho1 Wklv
dssurdfk lv dssolhg wr hxur0udwhv ryhu wkh shulrg 4<:80<91 Wkh pdlq
uhvxowv duh wkh iroorzlqj= wkh h{shfwdwlrqv wkhru| lv zhoo dffhswhg
iru Iuhqfk dqg XN udwhv exw odujho| uhmhfwhg iru Jhupdq dqg XV
udwhv1
U￿vxp￿
Qrxv ￿wxglrqv gdqv fhw duwlfoh ohv lpsolfdwlrqv gh od wk￿rulh ghv dqwlf0
lsdwlrqv gh od vwuxfwxuh sdu whuph vxu oh YDU frqwudlqw uhsu￿vhqwdqw
od g|qdpltxh gx wdx{ frxuw hw gh od shqwh ghv wdx{1 Qrxv sursrvrqv
xqh surf￿gxuh g*hvwlpdwlrq lqgluhfwh/ irqg￿h vxu od uhsu￿vhqwdwlrq ª
fruuhfwlrq g*huuhxu/ whqdqw frpswh ghv frqwudlqwhv sruwdqw vxu o*hvwl0
pdwlrq gx YDU1 Fhwwh dssurfkh/ dssoltx￿h dx{ wdx{ vxu hxur0ghylvh
vxu od s￿ulrgh 4<:80<9/ frqgxlw dx{ u￿vxowdwv vxlydqwv = od wk￿rulh hvw
dffhsw￿h srxu ohv wdx{ iudqŒdlv hw eulwdqqltxhv/ pdlv uhmhw￿h srxu ohv
wdx{ doohpdqgv hw dp￿ulfdlqv1
Prwv fo￿v = Wk￿rulh ghv dqwlflsdwlrqv/ uhsu￿vhqwdwlrq YDU frqwudlqw/
whvw ￿irupho￿1
Fodvvl￿fdwlrq MHO = H761
￿Edqtxh gh Iudqfh/ 74046<4 Fhqwuh gh uhfkhufkh/ 64 uxh Furl{ ghv Shwlwv Fkdpsv/ :837< Sdulv/
Iudqfh/ w￿o1 = 340750<507<0;</ id{1 = 340750<505:099/ h0pdlo = hmrqghdxCedqtxh0iudqfh1iu1
Mh uhphuflh ohv sduwlflsdqwv gx v￿plqdluh gh uhfkhufkh gh od Edqtxh gh Iudqfh1 Wrxwhirlv/ ohv huuhxuv
txl vxevlvwhudlhqw uhvwhqw plhqqhv1
44 Lqwurgxfwlrq
Vhorq od wk￿rulh ghv dqwlflsdwlrqv/ oh wdx{ orqj hvw xqh pr|hqqh ghv wdx{ frxuwv ixwxuv
dqwlfls￿v/ soxv ￿yhqwxhoohphqw xqh sulph gh ulvtxh frqvwdqwh gdqv oh whpsv1 Fhwwh
wk￿rulh d idlw o*remhw g*xq judqg qrpeuh gh whqwdwlyhv gh ydolgdwlrq hpslultxh1 O*xq
ghv g￿￿v pdmhxuv gh od olww￿udwxuh u￿fhqwh vxu od wk￿rulh ghv dqwlflsdwlrqv frqfhuqh
o*h{solfdwlrq gx pdqtxh g*krprj￿q￿lw￿ ghv u￿vxowdwv rewhqxv1 Hq h￿hw/ ghv gl￿￿uhqfhv
lpsruwdqwhv dssdudlvvhqw vhorq ohv whvwv plv hq œxyuh/ vhorq ohv sd|v rx ohv s￿ulrghv
￿wxgl￿v/ vhorq ohv pdwxulw￿v frqvlg￿u￿hv1
Wrxw g*derug/ od soxsduw ghv whvwv u￿dolv￿v vxu grqq￿hv dp￿ulfdlqhv vrqw g￿idyru0
deohv hqyhuv od wk￿rulh ghv dqwlflsdwlrqv1 Srxu fhuwdlqv/ od wk￿rulh grlw ￿wuh fodluhphqw
uhmhw￿h = Fdpsehoo hw Vkloohu +4<;:,/ PdfGrqdog hw Vshljkw +4<<4,/ Kdugrxyholv +4<<7,
srxu ghv wlwuhv gh orqj whuph/ Nxjohu +4<<3,/ Hydqv hw Ohzlv +4<<7, srxu ghv wlwuhv gh
frxuw whuph1 Gdqv g*dxwuhv fdv/ ohv u￿vxowdwv dssdudlvvhqw frqwudglfwrluhv = Fdpsehoo
hw Vkloohu +4<<4, hw Fdpsehoo +4<<8, rqw plv hq ￿ylghqfh oh sx}}oh vhorq ohtxho od
shqwh ghv wdx{ d elhq/ frqirup￿phqw ª od wk￿rulh/ xq frqwhqx hq lqirupdwlrq frqfhu0
qdqw ohv wdx{ frxuwv ixwxuv/ pdlv sdv frqfhuqdqw ohv wdx{ orqjv ixwxuv1 Vkhd +4<<5, d
wrxwhirlv prqwu￿ txh od wk￿rulh hvw soxv vrxyhqw dffhsw￿h srxu ghv pdwxulw￿v orqjxhv
+4 dq ª 43 dqv, txh srxu ghv pdwxulw￿v soxv frxuwhv +prlqv g*xq dq,1 P￿ph vl od
s￿ulrgh g*hvwlpdwlrq vhpeoh hq j￿q￿udo prlqv g￿whuplqdqwh/ xqh h{fhswlrq qrwdeoh
frqfhuqh od s￿ulrgh gxudqw odtxhooh od Ihg d fkdqj￿ vhv surf￿gxuhv g*lqwhuyhqwlrq vxu
oh pdufk￿ prq￿wdluh +g*rfwreuh 4<:< ª vhswhpeuh 4<;5,1 Nxjohu +4<<3, uhmhwwh hq
h￿hw iruwhphqw od wk￿rulh ghv dqwlflsdwlrqv dydqw hw dsuºv fhwwh s￿ulrgh pdlv qh shxw
od uhmhwhu dx frxuv gh fhwwh skdvh1
D o*lqyhuvh/ od soxsduw ghv whvwv phq￿v vxu ghv grqq￿hv eulwdqqltxhv qh shuphw0
whqw j￿q￿udohphqw sdv gh uhmhwhu od wk￿rulh ghv dqwlflsdwlrqv1 D sduwlu gh wlwuhv gh
pdwxulw￿v soxv orqjxhv +w|sltxhphqw/ oh wdx{ ª 6 prlv hw oh uhqghphqw g*Hwdw ª 43
dqv,/ Kdugrxyholv +4<<7, hw PdfGrqdog hw Vshljkw +4<<4, frqfoxhqw ª od ydolglw￿ gh
od wk￿rulh1 Gh p￿ph/ ª sduwlu gh grqq￿hv vxu oh pdufk￿ lqwhuedqfdluh/ Kxuq hw doll
+4<<8, hw Fxwkehuwvrq +4<<9, qh uhmhwwhqw sdv hq j￿q￿udo ohv lpsolfdwlrqv gh od wk￿rulh1
Vhxo Wd|oru +4<<5, hvw frqgxlw ª uhmhwhu wuºv qhwwhphqw od wk￿rulh ghv dqwlflsdwlrqv/
srxu ghv pdwxulw￿v orqjxhv +6 prlv hw 43/ 48 hw 53 dqv,1
P￿ph vl ohv ￿wxghv v|vw￿pdwltxhv sruwdqw vxu od ydolglw￿ hpslultxh gh od wk￿rulh
ghv dqwlflsdwlrqv gdqv ohv dxwuhv sd|v vrqw uhodwlyhphqw shx qrpeuhxvhv/ lo dssdudæw
q￿dqprlqv xq fhuwdlq frqvhqvxv hq idyhxu gh od wk￿rulh1 Gdqv ohxuv odujhv frp0
sdudlvrqv lqwhuqdwlrqdohv/ irqg￿hv vxu ohv wdx{ ª 6 prlv hw ª 43 dqv/ hq iu￿txhqfh
wulphvwulhooh/ Kdugrxyholv +4<<7, hw Jhuodfk +4<<9, rewlhqqhqw srxu o*hvvhqwlho ghv u￿0
vxowdwv idyrudeohv hqyhuv od wk￿rulh1 Jhuodfk hw Vphwv +4<<:, qh shxyhqw sdv uhmhwhu
od wk￿rulh ghv dqwlflsdwlrqv srxu od soxsduw ghv sd|v ￿wxgl￿v/ ª sduwlu ghv hxur0wdx{
ª 6 prlv hw ª 4 dq1 Mrqghdx hw Ulfduw +4<<9, frqfoxhqw hq idyhxu gh od wk￿rulh gdqv
oh fdv ghv wdx{ ª frxuw whuph iudqŒdlv hw Gdkotxlvw hw Mrqvvrq +4<<8, hq idyhxu gh od
wk￿rulh gdqv oh fdv ghv wdx{ ª frxuw whuph vx￿grlv1
Dlqvl wurlv w|shv gh frqfoxvlrq vhpeohqw uhvvruwlu gh od olww￿udwxuh hpslultxh u￿0
fhqwh = g*xqh sduw/ ohv Hwdwv0Xqlv sdudlvvhqw dyrlu xq vwdwxw sduwlfxolhu +plv hq ￿yl0
ghqfh qrwdpphqw sdu Kdugrxyholv,/ sxlvtxh f*hvw oh vhxo sd|v srxu ohtxho od wk￿rulh
5ghv dqwlflsdwlrqv hvw suhvtxh v|vw￿pdwltxhphqw uhmhw￿h > g*dxwuh sduw/ oh fkrl{ ghv
pdwxulw￿v qh vhpeohqw sdv g￿whuplqdqw gdqv oh uhmhw rx o*dffhswdwlrq gh od wk￿rulh
ghv dqwlflsdwlrqv1 Hq uhydqfkh/ od s￿ulrgh g*hvwlpdwlrq hvw vxvfhswleoh g*lq xhqfhu
vhqvleohphqw ohv u￿vxowdwv ghv whvwv1
O*remhw gh fhw duwlfoh hvw gh su￿flvhu fhuwdlqv dvshfwv gh fh g￿edw/ hq vh irfdolvdqw
vxu ghx{ srlqwv soxv vs￿fl￿txhv1 Wrxw g*derug/ qrxv qrxv lqw￿uhvvrqv dx whvw ￿irupho￿
gh od wk￿rulh ghv dqwlflsdwlrqv/ irqg￿ vxu ohv uhvwulfwlrqv lpsrv￿hv sdu od wk￿rulh dx{
sdudpºwuhv gx prgºoh uhsu￿vhqwdqw od g|qdpltxh ghv wdx{ g*lqw￿u￿w1 O*lqw￿u￿w gh fh
whvw hvw tx*lo qh q￿fhvvlwh tx*xqh k|srwkºvh gh udwlrqdolw￿ idleoh ghv djhqwv/ fhx{0fl
￿wdqw vhxohphqw vxssrv￿v frqqdæwuh od g|qdpltxh ghv wdx{ g*lqw￿u￿w1 Ru/ Fdps0
ehoo hw Vkloohu +4<;:/ 4<;;, rqw prqwu￿ txh/ oruvtxh ohvw wdx{ vrqw qrq0vwdwlrqqdluhv/
od wk￿rulh ghv dqwlflsdwlrqv lpsoltxh o*h{lvwhqfh g*xqh uhodwlrq gh frlqw￿judwlrq/ od
shqwh ghv wdx{ ￿wdqw vwdwlrqqdluh1 Lov vxjjºuhqw doruv xqh irupxodwlrq dxwru￿juhvvlyh
+YDU, uhsu￿vhqwdqw od g|qdpltxh gh od yduldwlrq gh o*xqh ghv yduldeohv +lfl/ oh wdx{
frxuw, hw gx u￿vlgx gh od uhodwlrq gh orqj whuph +lfl/ od shqwh ghv wdx{,/ gdqv odtxhooh
ohv frqwudlqwhv ol￿hv ª od frlqw￿judwlrq vrqw h{solflwhphqw sulvhv hq frpswh +g*r￿ od
g￿qrplqdwlrq gh uhvwulfwhg YDU/ UYDU,1 Fhwwh uhsu￿vhqwdwlrq UYDU shuphw xqh
￿fulwxuh vlpsoh hw gluhfwh ghv lpsolfdwlrqv gh od wk￿rulh ghv dqwlflsdwlrqv1 O*h{lv0
whqfh gh frqwudlqwhv sruwdqw vxu o*hvwlpdwlrq ghv sdudpºwuhv gx UYDU qrxv frqgxlw
ª wrxwhirlv ª sursrvhu lfl xqh surf￿gxuh g*hvwlpdwlrq lqgluhfwh irqg￿h vxu od uhsu￿vhq0
wdwlrq ª fruuhfwlrq g*huuhxu dvvrfl￿h1 Fhwwh g￿pdufkh shuphw hq h￿hw gh suhqguh hq
frpswh gluhfwhphqw ohv frqwudlqwhv sruwdqw vxu ohv sdudpºwuhv gx UYDU hw gh whvwhu
fhuwdlqhv k|srwkºvhv vxu od g|qdpltxh ghv wdx{ g*lqw￿u￿w +oh udqj gh frlqw￿judwlrq hw
od iruph gh od uhodwlrq gh frlqw￿judwlrq hq sduwlfxolhu,1
G*dxwuh sduw/ qrxv frqvlg￿urqv ohv wdx{ vxu hxur0ghylvh srxu txdwuh sd|v +Dooh0
pdjqh/ Hwdwv0Xqlv/ Iudqfh hw Ur|dxph0Xql, vxu od s￿ulrgh 4<:80<9/ hq iu￿txhqfh
phqvxhooh/ srxu ghv pdwxulw￿v doodqw g*xq prlv ª xq dq1 Fhwwh s￿ulrgh shuphw gh
phwwuh hq ￿ylghqfh ohv vs￿fl￿flw￿v sursuhv dx{ gl￿￿uhqwv sd|v frqvlg￿u￿v hw g*￿yhqwxhov
fkdqjhphqwv vwuxfwxuhov1 Soxv vs￿fl￿txhphqw/ qrxv fkhufkrqv ª ydolghu o*k|srwkºvh
vhorq odtxhooh od s￿ulrgh 4<;50;6 frqvwlwxh xqh uxswxuh gx srlqw gh yxh gh od wk￿rulh
ghv dqwlflsdwlrqv/ gdqv dx prlqv ghx{ sd|v = dx{ Hwdwv0Xqlv/ r￿ od s￿ulrgh doodqw
g*rfwreuh 4<:< ª vhswhpeuh 4<;5 d fr￿qflg￿ dyhf oh fkdqjhphqw gdqv ohv surf￿gxuhv
g*lqwhuyhqwlrq gh od Ihg > hq Iudqfh/ r￿ ohv fulvhv gh fkdqjh vh vrqw vxff￿g￿hv dx frxuv
gh od s￿ulrgh doodqw gh i￿yulhu 4<;4 ª dyulo 4<;61
Od vxlwh gh fhw duwlfoh hvw rujdqlv￿h gh od idŒrq vxlydqwh1 Od vhfwlrq 5 su￿vhqwh
vxfflqfwhphqw od wk￿rulh ghv dqwlflsdwlrqv hw soxv sduwlfxolºuhphqw oh whvw ￿irupho￿
irqg￿ vxu od uhsu￿vhqwdwlrq UYDU1 Od vhfwlrq 6 v*lqw￿uhvvh ª od plvh hq œxyuh gx
whvw hw sursrvh xqh g￿pdufkh d{￿h vxu o*hvwlpdwlrq lqgluhfwh gx UYDU1 Ohv u￿vxowdwv
hpslultxhv vrqw g￿wdloo￿v gdqv od vhfwlrq 7 > srxu ohv wdx{ dp￿ulfdlqv hw iudqŒdlv/ od
vrxv0s￿ulrgh 4<;60<9 hvw ￿jdohphqw ￿wxgl￿h1 Od vhfwlrq 8 frqfoxw1
5 Oh whvw ￿irupho￿ gh od wk￿rulh ghv dqwlflsdwlrqv
Oh whvw ￿irupho￿ gh od wk￿rulh ghv dqwlflsdwlrqv d ￿w￿ sursrv￿ lqlwldohphqw sdu Vdujhqw
+4<:<, srxu ghv yduldeohv qrq0vwdwlrqqdluhv qrq frlqw￿ju￿hv/ ª sduwlu g*xqh uhsu￿vhq0
6wdwlrq YDU uhsu￿vhqwdqw od g|qdpltxh ghv yduldwlrqv gh wdx{ g*lqw￿u￿w41 Fhwwh surf￿0
gxuh d ￿w￿ j￿q￿udolv￿h sdu Fdpsehoo hw Vkloohu +4<;:/ 4<;;, dx fdv ghv yduldeohv qrq0
vwdwlrqqdluhv hw frlqw￿ju￿hv/ sursul￿w￿ fdudfw￿ulvwltxh gh od g|qdpltxh ghv wdx{ g*lq0
w￿u￿w oruvtxh od wk￿rulh ghv dqwlflsdwlrqv hvw ydolgh1 Fdpsehoo hw Vkloohu rqw dlqvl
sursrv￿ o*hvwlpdwlrq g*xqh irupxodwlrq YDU/ gdqv ohtxho od qrq0vwdwlrqqdulw￿ ghv
yduldeohv hw o*h{lvwhqfh g*xqh uhodwlrq gh frlqw￿judwlrq vrqw h{solflwhphqw lpsrv￿hv
+UYDU,1 Fhwwh j￿q￿udolvdwlrq q*hvw wrxwhirlv txh sduwlhooh/ fdu hooh pdlqwlhqw ohv k|0
srwkºvhv txh oh wlwuh orqj d xqh gxu￿h gh ylh lq￿qlh +lo v*djlw/ gdqv ohv dssolfdwlrqv gh
Fdpsehoo hw Vkloohu rx elhq g*xqh dfwlrq/ rx elhq g*xqh uhqwh shus￿wxhooh, hw txh od
s￿ulrglflw￿ ghv grqq￿hv fruuhvsrqg ª od gxu￿h gh ylh gx sodfhphqw frxuw1 Ohv dgds0
wdwlrqv srxu ghv wlwuhv gh gxu￿h gh ylh ￿qlh hw ghv krul}rqv gh sodfhphqw txhofrqtxhv
rqw ￿w￿ u￿dolv￿hv sdu Nxjohu +4<<3, hw Fdpsehoo hw Vkloohu +4<<4,1
514 Shqwh revhuy￿h hw shqwh wk￿rultxh
Oh whvw ￿irupho￿ gh od wk￿rulh ghv dqwlflsdwlrqv hvw irqg￿ vxu o*k|srwkºvh g*devhqfh
g*rssruwxqlw￿v g*duelwudjh1 Od wk￿rulh ghv dqwlflsdwlrqv lpsoltxh txh oh uhqghphqw hq
| g*xq erq }￿ur0frxsrq gh pdwxulw￿ ?/ qrw￿ -
E?￿
| / hvw ￿jdo ª od pr|hqqh ghv uhqghphqwv
dqwlfls￿v gh sodfhphqwv dx{ gdwhv |/ |n6/ 111/ |n?￿6 gh erqv gh pdwxulw￿ 6 +6￿? ,/













Od sulph gh ulvtxh SE6c?￿ shxw ￿yhqwxhoohphqw g￿shqguh gh od pdwxulw￿ ghv wlwuhv/
pdlv grlw ￿wuh frqvwdqwh dx frxuv gx whpsv1 Oh whuph .|%|n￿ uhsu￿vhqwh od surmhfwlrq
olq￿dluh gh od yduldeoh %|n￿ vxu o*lqirupdwlrq glvsrqleoh ª od gdwh |/ qrw￿h l|/ vrlw
.|%|n￿ ’ . E%|n￿ ml|￿1
Oh suhplhu srlqw gh od g￿pdufkh gh Fdpsehoo hw Vkloohu +4<;:/ 4<;;, hvw gh prqwuhu
txh/ gdqv oh fdguh g*xq suhvhqw0ydoxh prgho who txh +4,/ od qrq0vwdwlrqqdulw￿ gx wdx{
frxuw vh wudgxlw sdu o*h{lvwhqfh g*xqh uhodwlrq gh frlqw￿judwlrq hqwuh oh wdx{ frxuw hw







rewlhqw/ hq vrxvwud|dqw -
E6￿































|n￿63￿ n ￿￿￿ n{ -
E6￿
|n￿/ o*￿txdwlrq







4fi1 ￿jdohphqw Kdnnlr +4<;4, hw Edloolh hw doll +4<;6,/ srxu oh whvw ￿irupho￿ gh od wk￿rulh ghv
dqwlflsdwlrqv vxu oh pdufk￿ ghv fkdqjhv1 Od g￿qrplqdwlrq ￿irupho￿ uhsuhqg oh whuph sursrv￿ sdu
Fdpsehoo hw Vkloohu +4<;;,1
7r￿ od shqwh gh wdx{ wk￿rultxh 7
WE6c?￿














Dlqvl/ vl oh wdx{ frxuw hvw vwdwlrqqdluh hq gl￿￿uhqfh/ ohv ￿txdwlrqv +6, hw +7, prq0
wuhqw txh od shqwh ghv wdx{ hvw vwdwlrqqdluh1 Oh wdx{ orqj hw oh wdx{ frxuw vrqw grqf
frlqw￿ju￿v hw lo hvw srvvleoh gh uhsu￿vhqwhu od g|qdpltxh mrlqwh ghv wdx{ ª frxuw hw
ª orqj whuphv/ dowhuqdwlyhphqw/ ª o*dlgh g*xq prgºoh ª fruuhfwlrq g*huuhxu srxu ohv
yduldwlrqv ghv wdx{ g*lqw￿u￿w +YHFP, rx g*xq UYDU srxu od yduldwlrq gx wdx{ frxuw
hw od shqwh ghv wdx{1 Fdpsehoo hw Vkloohu +4<;:/ 4<;;, rqw sulylo￿jl￿ fhwwh ghuqlºuh
uhsu￿vhqwdwlrq/ txl shuphw xqh plvh hq œxyuh soxv vlpsoh gx whvw gh od wk￿rulh ghv



















r￿ ￿Eu￿ hvw xqh pdwulfh gh sro|q￿phv gh uhwdug g*ruguh R/ u hvw o*rs￿udwhxu uhwdug/
￿| hvw oh yhfwhxu ghv shuwxuedwlrqv/ vxssrv￿ euxlw eodqf pxowlydul￿1
O*lqw￿u￿w gh fhwwh uhsu￿vhqwdwlrq hvw g*h{wudluh gx UYDU oxl0p￿ph ghv su￿ylvlrqv
ghv wdx{ frxuwv51 Hq h￿hw/ o*￿txdwlrq +8, shxw vh u￿fuluh frpph xq YDU g*ruguh 4/

















































1 1 1 111













1 1 1 111 1 1 1
f ￿￿￿ ￿f
6
: : : : : : : : : : : : : : :
8
5


































: : : : : : : : : : : : : : :
8
+9,
Fhwwh ￿fulwxuh hq yduldeoh g*￿wdw shuphw gh sdvvhu g*xq prgºoh YDU/ gh glphqvlrq
5/ frqwhqdqw R uhwdugv/ ª xq prgºoh YDU/ gh glphqvlrq 2R/ frqwhqdqw xq vhxo uhwdug1
O*￿txdwlrq +9, shxw v*￿fuluh gh idŒrq soxv frpsdfwh/ dyhf ghv qrwdwlrqv ￿ylghqwhv/
vrxv od iruph = 5| ’ ￿5|3￿ n ￿|/r ￿￿ hvw od pdwulfh g*￿wdw gx YDU1 Rq vxssrvh lfl
txh 5| hvw fhqwu￿/ gh idŒrq ª qh frqvlg￿uhu txh ohv uhodwlrqv hqwuh ohv sdudpºwuhv gx
YDU +od sulph gh ulvtxh hvw ￿olplq￿h gh o*￿txdwlrq +6,,1
5Gdqv ohv whvwv vwdqgdug/ irqg￿v vxu od uhodwlrq hqwuh od yduldwlrq pr|hqqh vxu orqjxh s￿ulrgh
ghv wdx{ frxuwv hw od shqwh ghv wdx{ rx hqwuh od yduldwlrq gx uhqghphqw g*xq wlwuh orqj hw od shqwh
ghv wdx{ +Fdpsehoo hw Vkloohu/ 4<<4/ Fdpsehoo/ 4<<8,/ ohv dqwlflsdwlrqv vrqw uhpsodf￿hv sdu ohv
u￿dolvdwlrqv ghv yduldeohv1 Fhwwh dssurfkh q￿fhvvlwh grqf xqh k|srwkºvh gh udwlrqdolw￿ iruwh ghv
dqwlflsdwlrqv +ohv huuhxuv g*dqwlflsdwlrqv ￿wdqw vxssrv￿hv euxlwv eodqfv,1
8515 Od vwdwlvwltxh gh whvw
O*lqw￿u￿w gh od u￿fulwxuh +9, uhsrvh vxu od sursul￿w￿ vxlydqwh = vl 5| v x l wx qp r g º o h
dxwru￿juhvvli g*ruguh 4/ doruv od su￿ylvlrq ª od gdwh | gh 5|n￿ v*￿fulw vlpsohphqw =
. d5|n￿ mU|o’￿
￿5| +:,

















/ fh txl frqvwlwxh
o*lqirupdwlrq glvsrqleoh srxu o*￿frqrpºwuh1
Vl ￿ hvw oh yhfwhxu gh glphqvlrq +2Rc￿, frqwhqdqw 4 frpph suhplhu ￿o￿phqw hw 3
dloohxuv hw } oh yhfwhxu gh glphqvlrq +2Rc￿, frqwhqdqw 4 frpph +Rn￿￿ ºph ￿o￿phqw hw









hw o*￿txdwlrq +:, shuphw g*rewhqlu od su￿ylvlrq gh od yduldwlrq gx wdx{ frxuw ixwxu
{-
E6￿






’ ￿￿￿￿5|1 Od su￿ylvlrq rswlpdoh gh 7
WE6c?￿
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Ilqdohphqw/ od uhodwlrq +6, lqgxlwh sdu od wk￿rulh ghv dqwlflsdwlrqv frqgxlw ª od
uhodwlrq vxlydqwh/ xqh irlv ohv shqwhv revhuy￿h hw wk￿rultxh fhqwu￿hv = 7
E6c?￿
| ’ ￿ 7
E6c?￿
| /













O*￿olplqdwlrq gh od grxeoh vrpph gh o*￿txdwlrq +43, frqgxlw ª o*h{suhvvlrq vxlydqwh

























































1 P￿ph vl hoohv vrqw wk￿rultxhphqw ￿txlydohqwhv/ ohv ghx{
9￿fulwxuhv +44, hw +45, qh vrqw sdv hq j￿q￿udo lghqwltxhv g*xq srlqw gh yxh qxp￿ultxh/
vdqv tx*lo vrlw srvvleoh gh sulylo￿jlhu d sulrul o*xqh soxw￿w txh o*dxwuh +Juhjru| hw
Yhdoo/ 4<;8,1
Vrxv o*k|srwkºvh qxooh grqq￿h sdu +43,/ rq d o￿EK￿’fhw od vwdwlvwltxh gx whvw gh






3￿o￿E￿ K￿ ￿ ’￿ c2 +46,










Oh fdofxo gh PK hvw su￿flv￿ gdqv od vhfwlrq vxlydqwh hw fhoxl gh od pdwulfh (￿ hvw grqq￿
hq dqqh{h1
Od orl dv|pswrwltxh gh od vwdwlvwltxh gh whvw ‘￿ hvw xq ￿2 ª E2R ￿ ￿￿ ghju￿v gh




2￿ ’f / grqf
od ERn￿￿ ºph frqwudlqwh gh +43, hvw y￿ul￿￿h sdu g￿￿qlwlrq +fh srlqw hvw g￿yhorss￿ gdqv
od vhfwlrq vxlydqwh,1
Vrxv o*k|srwkºvh qxooh gh od wk￿rulh ghv dqwlflsdwlrqv/ ohv sdudpºwuhv gx prgºoh
UYDU grlyhqw y￿ul￿hu o*hqvhpeoh ghv frqwudlqwhv lpsrv￿hv sdu +43,1 Lo hvw lpsruwdqw
gh vrxoljqhu hvw txh/ gºv txh ?:26/ fhv frqwudlqwhv qh sruwhqw txh vxu ghv uhodwlrqv
hqwuh ohv sdudpºwuhv ghv ghx{ ￿txdwlrqv/ gºv txh ?:261 Dxwuhphqw glw/ od wk￿rulh
ghv dqwlflsdwlrqv q*lpsrvh dxfxqh frqwudlqwh vxu ohv sdudpºwuhv g*xqh ghv ￿txdwlrqv
hvwlp￿h lvro￿phqw61
6 O*hvwlpdwlrq lqgluhfwh gx UYDU
Frpph Nxjohu +4<<3, o*d plv hq ￿ylghqfh gdqv oh fdguh gh od wk￿rulh ghv dqwlflsd0
wlrqv +fi1 Phoodqghu hw doll/ 4<<3/ gdqv xq fdv soxv j￿q￿udo,/ oh UYDU qh v*￿fulw sdv
frpph xq YDU xvxho1 Hq h￿hw/ vl oh YHFP hvw o*￿fulwxuh dgdsw￿h srxu uhsu￿vhqwhu od
g|qdpltxh gx wdx{ frxuw hw gx wdx{ orqj/ lo h{lvwh xqh frqwudlqwh vxu ohv sdudpºwuhv




2￿ ’f / fh txl d xqh lpsolfdwlrq gluhfwh vxu ohv ghju￿v gh olehuw￿
gx whvw gx ￿2 +2R ￿ ￿ frqwudlqwhv dx olhx gh 2R,1 Gdqv od olww￿udwxuh/ vhxo Nxjohu
+4<<3, d/ ª qrwuh frqqdlvvdqfh/ sulv hq frpswh fhwwh frqwudlqwh1 Fhwwh fruuhfwlrq hvw
vxvfhswleoh g*lq xhqfhu ohv u￿vxowdwv gx whvw/ oruvtxh oh qrpeuh gh uhwdugv uhwhqx gdqv
oh YDU hvw u￿gxlw1
Od g￿pdufkh txh qrxv sursrvrqv srxu oh whvw ￿irupho￿ gh od wk￿rulh ghv dqwlfl0
sdwlrqv hvw irqg￿h vxu ghx{ ￿wdshv1 Gdqv xq suhplhu whpsv/ od g|qdpltxh ghv wdx{
g*lqw￿u￿w hvw hvwlp￿h sdu xq YHFP1 Fhwwh hvwlpdwlrq shxw uhsrvhu sdu h{hpsoh vxu
od surf￿gxuh gx pd{lpxp gh yudlvhpeodqfh gh Mrkdqvhq +4<;;,1 O*lqw￿u￿w gh fhwwh
￿wdsh hvw gh shuphwwuh xq whvw h{solflwh gx udqj gh frlqw￿judwlrq hw gh od ydohxu gx
6Od wk￿rulh ghv dqwlflsdwlrqv q*lpsrvh dxfxqh frqwudlqwh vxu oh surfhvvxv xqlydul￿ vxlyl sdu od
yduldwlrq gx wdx{ frxuw rx od yduldwlrq gx wdx{ orqj1 Gh idlw/ sdu od vxlwh/ Fdpsehoo hw Vkloohu +4<<4,
rqw ￿wxgl￿ ohv lpsolfdwlrqv gh od wk￿rulh rx elhq ª sduwlu ª sduwlu gh od yduldwlrq pr|hqqh vxu orqjxh
s￿ulrgh gx wdx{ frxuw rx elhq ª sduwlu gh od yduldwlrq gx uhqghphqw g*xq wlwuh orqj1
:sdudpºwuh gh od uhodwlrq gh frlqw￿judwlrq1 Gdqv xq ghx{lºph whpsv/ ohv sdudpºwuhv
gx UYDU vrqw hvwlp￿v/ gh idŒrq lqgluhfwh/ ª sduwlu ghv sdudpºwuhv gx YHFP1 Ohv
frqwudlqwhv sruwdqw vxu ohv sdudpºwuhv gx UYDU vrqw dlqvl h{solflwhphqw sulvhv hq
frpswh1 Ilqdohphqw/ od vwdwlvwltxh gh whvw hvw fdofxo￿h ª sduwlu gh fhwwh hvwlpdwlrq
lqgluhfwh gx UYDU1
O*hvwlpdwlrq g*xq YHFP ￿wuh u￿dolv￿h ª o*dlgh gh od surf￿gxuh g*hvwlpdwlrq sdu
pd{lpxp gh yudlvhpeodqfh +Mrkdqvhq/ 4<;;/ hw Mrkdqvhq hw Mxvholxv/ 4<<3,1 Rq v*lq0
w￿uhvvh lfl ª xq yhfwhxu lqw￿ju￿ g*ruguh 4/ frqwhqdqw & yduldeohv/ f| ’E %￿|c￿￿￿c%&|￿￿/
grqw od g|qdpltxh hvw uhsu￿vhqw￿h sdu xq YDU hq qlyhdx dyhf R uhwdugv1 Od g|0
qdpltxh gh f| shxw ￿wuh u￿fulwh hq irqfwlrq ghv gl￿￿uhqfhv suhplºuhv {f| =
KEu￿{f| ’ > n￿ f|3￿ n 0|
/ {f| ’ > nK ￿{f|3￿ n ￿￿￿ nK R3￿{f|3Rn￿ n￿ f|3￿ n 0| +47,
r￿ 0| hvw vxssrv￿ xq yhfwhxu qrupdo g*hvs￿udqfh qxooh hw gh yduldqfh P01 O*hvwlpdwlrq
gh +47, hvw grqq￿h gdqv Mrkdqvhq +4<;;,1 V*lo h{lvwh o yhfwhxuv gh frlqw￿judwlrq
+f ￿o￿ &, hqwuh ohv frpsrvdqwhv gh f|/ od pdwulfh ￿/ gh udqj & ￿ o/ shxw ￿wuh
g￿frpsrv￿ vrxv od iruph ￿’kq
￿/ dyhf k hw q gh glphqvlrq +&co,1 Rq rewlhqw doruv
ohv hvwlpdwhxuv gx pd{lpxp gh yudlvhpeodqfh ghv sdudpºwuhv gx YHFP +qrw￿v ￿ k/
￿ q/ ￿ KEu￿ hw ￿ P0,1
Fdpsehoo hw Vkloohu +4<;;, hw Nxjohu +4<<3, rqw plv hq ￿ylghqfh o*h{lvwhqfh g*xqh
uhodwlrq g*￿txlydohqfh hqwuh ohv sdudpºwuhv gx YHFP hw fhx{ gx UYDU gdqv oh fdguh
gh od wk￿rulh ghv dqwlflsdwlrqv1 Phoodqghu hw doll +4<<3, rqw sursrv￿ xqh ￿fulwxuh pd0
wulflhooh gh fhwwh uhodwlrq gh sdvvdjh g*xq prgºoh ª o*dxwuh gdqv oh fdguh j￿q￿udo1 Fhwwh
￿fulwxuh shuphw gh uhqguh h{solflwhv ohv frqwudlqwhv txl v*lpsrvhqw dx{ sdudpºwuhv gx
UYDU1 Vl oh YHFP v*￿fulw vrxv od iruph +47,/ oh UYDU v*rewlhqw sdu =
￿Eu￿t| ’ #| +48,

















Od pdwulfh gh v￿ohfwlrq 7&3o/ gh glphqvlrq E& ￿ oc&￿/ shxw ￿wuh fkrlvlh gh whooh





Vl oh yhfwhxu if|j hvw frlqw￿ju￿/ dyhf o uhodwlrqv gh frlqw￿judwlrq/ rq shxw phwwuh













1 Fhwwh uhodwlrq lpsoltxh od qxoolw￿ ghv sdudpºwuhv dvvrfl￿v dx{
E&￿o￿ suhplºuhv yduldeohv gh t|3R/ E{f￿c|3Rc￿￿￿c{f&3oc|3R￿ gdqv o*￿txdwlrq +48,1 Rq




2￿ ’fg￿mª lqgltx￿h su￿f￿ghpphqw71

























;Srxu fdofxohu od orl dv|pswrwltxh gh K/ lo vx!w gh g￿whuplqhu od orl dv|pswrwltxh
gh ￿ ’yhfEK￿/r ￿K’
k
K￿ ￿￿￿ KR3￿ k
l
hvw gh glphqvlrq E&c&ER ￿ ￿￿ n &o￿/h w
gh su￿flvhu od pdwulfh gh sdvvdjh gh K ª ￿/ gh glphqvlrq E&c&R￿1 Wrxw g*derug/
O wnhsrko hw Uhlphuv +4<<5, rqw prqwu￿ txh od orl dv|pswrwltxh gh ￿ v*￿fulw vrxv od
iruph = s
A E￿ ￿ ￿￿￿




























r￿ f3￿ ’E f￿3Rc￿￿￿cf A3R￿ hw ~ ’E ~￿c￿￿￿c~ A￿/ dyhf ~| ’E { f|3￿c￿￿￿c{f|3Rn￿￿
￿1
Gh soxv/ rq y￿ul￿h dlv￿phqw txh od uhodwlrq gh sdvvdjh gh K ª ￿ hvw =
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Gdqv fh fdv/ rq y￿ul￿h dlv￿phqw txh od wk￿rulh ghv dqwlflsdwlrqv lpsoltxh xqh vhxoh frqwudlqwh =
e45 @5 / vrlw ￿4 @ ￿51
<7 U￿vxowdwv hpslultxhv
714 Ohv grqq￿hv
Od edvh gh grqq￿hv hvw frqvwlwx￿h ghv wdx{ vxu hxur0ghylvh srxu oh Ghxwvfkh Pdun
+GHP,/ oh Iudqf iudqŒdlv +IUI,/ od Olyuh eulwdqqltxh +JES, hw oh Groodu +XVG,1
O*￿fkdqwloorq frxyuh ghv grqq￿hv ￿q gh prlv gh mdqylhu 4<:8 ª g￿fhpeuh 4<<9/ srxu
ghv pdwxulw￿v doodqw g*xq prlv ª xq dq81 6 hvw frpsulv hqwuh 4 hw 9 prlv/ ? hqwuh 6
hw 45 prlv1
Od s￿ulrgh ￿wxgl￿h hvw uhodwlyhphqw ￿whqgxh/ fh txl hvw d sulrul vdwlvidlvdqw srxu
whvwhu od wk￿rulh ghv dqwlflsdwlrqv1 Q￿dqprlqv/ od frqwuhsduwlh hvw od srvvlelolw￿ gh
uxswxuh vwuxfwxuhooh gdqv o*￿yroxwlrq ghv wdx{ g*lqw￿u￿w1 Ghx{ sd|v dx prlqv vrqw
frqfhuq￿v sdu fhwwh ￿yhqwxdolw￿ = ohv Hwdwv0Xqlv/ txl rqw frqqx hqwuh 4<:< hw 4<;5
xqh skdvh gh wdx{ g*lqw￿u￿w ￿ohy￿v/ ol￿h dx fkdqjhphqw ghv surf￿gxuhv g*lqwhuyhqwlrq
gh od Ihg > hw od Iudqfh/ txl d frqqx hqwuh 4<;4 hw 4<;5 ghv whqvlrqv pdutx￿hv vxu vd
ghylvh/ frqgxlvdqw ª ghv kdxvvhv gh wdx{ lpsruwdqwhv1 Gh fh srlqw gh yxh/ rq qrwh
txh ohv fulvhv gh fkdqjh gh 4<<5 hw 4<<6 rqw hx uhodwlyhphqw shx g*h￿hw vxu ohv wdx{
frxuwv iudqŒdlv sdu udssruw dx{ fulvhv gh 4<;40;61 O*Doohpdjqh hw oh Ur|dxph0Xql
rqw frqqx dvvh} shx gh shuwxuedwlrqv pdmhxuhv1 Ohv sulqflsdx{ ￿y￿qhphqwv vrqw od
u￿xql￿fdwlrq doohpdqgh g*xqh sduw/ txl d ￿w￿ dffrpsdjq￿h g*xqh iruwh kdxvvh ghv
wdx{ frxuwv/ hw od vruwlh gh od olyuh eulwdqqltxh gx p￿fdqlvph gh fkdqjh hxurs￿hq hq
4<<5 g*dxwuh sduw/ txl d idyrulv￿ xqh g￿whqwh prq￿wdluh vljql￿fdwlyh1 O*lpsdfw gh fhv
￿y￿qhphqwv ghphxuh wrxwhirlv prg￿u￿ vxu ohv u￿vxowdwv su￿vhqw￿v gdqv fhwwh vhfwlrq1
Gh idŒrq ª y￿ul￿hu o*￿yhqwxhooh lq xhqfh ghv fkdqjhphqwv vwuxfwxuhov gh 4<;50;6
srxu ohv Hwdwv0Xqlv hw od Iudqfh/ qrxv dyrqv frqvlg￿u￿ ghx{ s￿ulrghv g*hvwlpdwlrq =
od suhplºuh frxyuh o*hqvhpeoh gh o*￿fkdqwloorq +4<:80<9, > od vhfrqgh frxyuh od ￿q gh
od s￿ulrgh +mdqylhu 4<;6 ª g￿fhpeuh 4<<9 srxu ohv Hwdwv0Xqlv/ dyulo 4<;6 ª g￿fhpeuh
4<<9 srxu od Iudqfh,1
Dydqw gh frqvlg￿uhu oh whvw ￿irupho￿ gh od wk￿rulh ghv dqwlflsdwlrqv/ lo hvw q￿fhvvdluh
gh whvwhu su￿dodeohphqw ohv k|srwkºvhv vrxv0mdfhqwhv ª od uhsu￿vhqwdwlrq UYDU1 Lo
v*djlw/ g*xqh sduw/ gh od qrq0vwdwlrqqdulw￿ ghv wdx{ g*lqw￿u￿w hw/ g*dxwuh sduw/ gh od
vwdwlrqqdulw￿ ghv shqwhv ghv wdx{ +rx/ dowhuqdwlyhphqw/ od frlqw￿judwlrq hqwuh ohv wdx{
ª frxuw hw orqj whuphv,1
Ohv whvwv DGI gh vwdwlrqqdulw￿ ghv wdx{ g*lqw￿u￿w lqgltxhqw txh fkdtxh v￿ulh gh
wdx{ hvw vwdwlrqqdluh hq gl￿￿uhqfh suhplºuh +wdeohdx 4, = o*k|srwkºvh qxooh gh udflqh
xqlwdluh q*hvw mdpdlv uhmhw￿h dx{ vhxlov gh vljql￿fdwlylw￿ xvxhov srxu ohv wdx{ g*lqw￿u￿w
hq qlyhdx/ pdlv hvw v|vw￿pdwltxhphqw uhmhw￿h dx vhxlo gh 4( srxu ohv yduldwlrqv gh
wdx{ g*lqw￿u￿w1 Vhorq ohv whvwv DGI gh vwdwlrqqdulw￿ ghv shqwhv ghv wdx{/ o*k|srwkºvh
qxooh gh udflqh xqlwdluh hvw v|vw￿pdwltxhphqw uhmhw￿h/ srxu wrxwhv ohv shqwhv ghv wdx{
￿wxgl￿hv/ dx vhxlo gh 8( +suhplºuh frorqqh gx wdeohdx 5,1
8Ohv grqq￿hv surylhqqhqw gh od edvh Gdwdvwuhdp1 Wrxv ohv fdofxov rqw ￿w￿ u￿dolv￿v dyhf JDXVV1
43715 O*dqdo|vh gh od frlqw￿judwlrq hw oh whvw ￿irupho￿ gh od
wk￿rulh ghv dqwlflsdwlrqv
Frpph ohv wdx{ g*lqw￿u￿w dssdudlvvhqw vxlyuh xq surfhvvxv qrq0vwdwlrqqdluh/ lo hvw
srvvleoh g*dqdo|vhu/ gdqv od orjltxh gh Fdpsehoo hw Vkloohu +4<;:/ 4<;;,/ ohv sursul￿w￿v
gh frlqw￿judwlrq = vl od wk￿rulh ghv dqwlflsdwlrqv hvw ydolgh/ oh yhfwhxu gh frlqw￿judwlrq





| n q￿ ’ 0| +4;,
grlw v*￿fuluh vrxv od iruph frqwudlqwh q
f ’E ￿ c￿￿cq￿￿/r ￿q￿ uhsu￿vhqwh od sulph gh
ulvtxh frqvwdqwh dx frxuv gx whpsv hw g￿shqg/ d sulrul/ ghv pdwxulw￿v 6 hw ?1
Ohv frorqqhv 5 ª 7 gx wdeohdx 5 su￿vhqwhqw ohv u￿vxowdwv ol￿v ª o*hvwlpdwlrq xql0
ydul￿h ghv uhodwlrqv gh frlqw￿judwlrq/ vhorq o*dssurfkh gh Skloolsv hw Kdqvhq +4<<3,1
Fhwwh p￿wkrgh frqvlvwh hq xqh fruuhfwlrq qrq0sdudp￿wultxh ghv hvwlpdwhxuv ghv PFR
+sursrv￿v sdu Hqjoh hw Judqjhu/ 4<;:,/ txl shuphw g*rewhqlu xqh glvwulexwlrq dv|ps0
wrwltxh qrupdoh +hvwlpdwhxuv ixoo| prgl￿hg,1 Ohv whvwv DGI gh vwdwlrqqdulw￿ gx
u￿vlgx gh od uhodwlrq +4;, grqqhqw/ gdqv od soxsduw ghv fdv/ ghv u￿vxowdwv h{wu￿phphqw
surfkhv gh fhx{ rewhqxv srxu ohv whvwv gh vwdwlrqqdulw￿ gh od shqwh ghv wdx{/ frq0
￿updqw o*h{lvwhqfh g*xqh uhodwlrq gh frlqw￿judwlrq hqwuh ohv wdx{ g*lqw￿u￿w sulv ghx{
ª ghx{ +frorqqh 5,1 Fhwwh vlplolwxgh vh frpsuhqg plhx{ hq frqvlg￿udqw od ydohxu
gx frh!flhqw gx wdx{ orqj gdqv od uhodwlrq gh frlqw￿judwlrq +frorqqh 6,1 Hq h￿hw/
fh frh!flhqw hvw wrxmrxuv surfkh gh 4 +hqwuh 3/<9 hw 4/43,/ p￿ph vl/ srxu fhuwdlqhv
frpelqdlvrqv gh pdwxulw￿v srxu ohv wdx{ eulwdqqltxhv hw dp￿ulfdlqv/ rq grlw uhmhwhu
o*￿jdolw￿ ª 41
O h vf r o r q q h v4ª6g xw d e o h d x6s u ￿ v h q w h q wo h vu ￿ v x o wdwv gh o*hvwlpdwlrq gx YHFP
sdu pd{lpxp gh yudlvhpeodqfh +Mrkdqvhq/ 4<;;,1 Ohv whvwv gx qrpeuh gh uhwdugv
rswlpdo +irqg￿v vxu ohv surf￿gxuhv ELF hw KT, frqgxlvhqw v|vw￿pdwltxhphqw ª uhwhqlu
hqwuh 4 hw 6 uhwdugv1 Gh idŒrq ª frqvhuyhu xq wudlwhphqw krprjºqh ghv sd|v hw ghv
pdwxulw￿v/ qrxv dyrqv uhwhqx srxu wrxwhv ohv hvwlpdwlrqv R ’￿ 1 Ohv vwdwlvwltxhv gh
whvw b|o@Se hw b6@% lqgltxhqw txh/ srxu wrxv ohv sd|v hw srxu wrxwhv ohv frpelqdlvrqv gh
pdwxulw￿v/ rq shxw frqfoxuh ª o*h{lvwhqfh g*xqh uhodwlrq gh frlqw￿judwlrq gdqv fkdtxh
v|vwºph1 Oh whvw gx udssruw ghv pd{lpd gh yudlvhpeodqfh gh o*￿jdolw￿ ª q
f gx yhfwhxu
gh frlqw￿judwlrq frqgxlw gh qrxyhdx ª dffhswhu fhwwh k|srwkºvh suhvtxh v|vw￿pdwltxh0
phqw srxu wrxwhv ohv frpelqdlvrqv gh wdx{ iudqŒdlv/ doohpdqgv hw dp￿ulfdlqv > srxu
ohv wdx{ eulwdqqltxhv/ ohv vhxlov gh vljql￿fdwlylw￿ vrqw j￿q￿udohphqw frpsulv hqwuh 4
hw 8(1 Fhv u￿vxowdwv frq￿uphqw ohv whvwv gh Skloolsv hw Kdqvhq1
Od ghuqlºuh ￿wdsh gh fhwwh dqdo|vh frqvlvwh ª whvwhu ohv lpsolfdwlrqv gh od wk￿rulh
ghv dqwlflsdwlrqv vxu ohv sdudpºwuhv gx UYDU/ hvwlp￿v gh idŒrq lqgluhfwh ª sduwlu
gx YHFP1 Ohv u￿vxowdwv gx whvw ￿irupho￿ +frorqqhv 7 hw 8 gx wdeohdx 6, frqgxlvhqw
ª glvwlqjxhu ghx{ jurxshv gh sd|v = gdqv oh suhplhu +Iudqfh hw Ur|dxph0Xql,/ od
wk￿rulh ghv dqwlflsdwlrqv hvw dffhsw￿h srxu wrxwhv ohv pdwxulw￿v/ ª o*h{fhswlrq gh od
frpelqdlvrq gh pdwxulw￿v +406 prlv, srxu ohv wdx{ eulwdqqltxhv > gdqv oh vhfrqg
+Doohpdjqh hw Hwdwv0Xqlv,/ od wk￿rulh ghv dqwlflsdwlrqv hvw j￿q￿udohphqw uhmhw￿h dx{
vhxlov gh ulvtxh xvxhov1 Rq uhpdutxh txh oh vhfrqg whvw hvw prlqv v￿yºuh txh oh suhplhu
hqyhuv od wk￿rulh ghv dqwlflsdwlrqv gdqv oh fdv doohpdqg/ pdlv soxv v￿yºuh gdqv oh fdv
44dp￿ulfdlq1
716 O*hvwlpdwlrq vxu od s￿ulrgh 4<;60<9
Frpswh whqx gh o*lpsruwdqfh ghv fkrfv tx*rqw frqqxv ohv pdufk￿v prq￿wdluhv dp￿ul0
fdlqv hw iudqŒdlv dx g￿exw ghv dqq￿hv 4<;3/ lo hvw lpsruwdqw gh y￿ul￿hu vl fhwwh s￿ulrgh
hvw vxvfhswleoh g*dyrlu lq xhqf￿ ohv u￿vxowdwv hpslultxhv txl ylhqqhqw g*￿wuh su￿vhqw￿v1
Srxu fhod/ qrxv dyrqv hvwlp￿ oh YHFP hw surf￿g￿ dx{ whvwv ￿iruphov￿ gh od wk￿rulh
ghv dqwlflsdwlrqv vxu od s￿ulrgh 4<;60<9 +mdqylhu 4<;6 srxu ohv Hwdwv0Xqlv/ dyulo 4<;6
srxu od Iudqfh,1 Oh wdeohdx 7 uhsruwh ohv u￿vxowdwv gh fhv hvwlpdwlrqv1
Oruvtxh o*hvwlpdwlrq sruwh vxu od s￿ulrgh 4<;60<9/ ohv u￿vxowdwv frqfhuqdqw ohv wdx{
dp￿ulfdlqv vrqw o￿jºuhphqw prgl￿￿v = g*xqh sduw/ oh whvw g*￿jdolw￿ ª q
f gx yhfwhxu
gh frlqw￿judwlrq hvw v|vw￿pdwltxhphqw dffhsw￿ txhoohv txh vrlhqw ohv frpelqdlvrqv gh
pdwxulw￿v frqvlg￿u￿hv > g*dxwuh sduw/ oh whvw ￿irupho￿ qh frqgxlw soxv dx uhmhw v|vw￿pd0
wltxh gh od wk￿rulh1 Hq h￿hw/ srxu oh vhfrqg whvw ￿irupho￿/ od wk￿rulh ghv dqwlflsdwlrqv
hvw dffhsw￿h srxu o*hqvhpeoh ghv pdwxulw￿v/ ª o*h{fhswlrq ghv frpelqdlvrqv +406 prlv,
hw +409 prlv,1 Lo dssdudæw dlqvl txh/ gdqv oh fdv dp￿ulfdlq/ oh uhmhw gh od wk￿rulh ghv
dqwlflsdwlrqv vxu o*hqvhpeoh gh od s￿ulrgh 4<:80<9 vhpeoh elhq g￿/ dx prlqv hq sduwlh/
dx fkdqjhphqw gh srolwltxh prq￿wdluh dp￿ulfdlqh hqwuh 4<:< hw 4<;51
V*djlvvdqw ghv grqq￿hv iudqŒdlvhv/ o*hvwlpdwlrq vxu od s￿ulrgh 4<;60<9 frqgxlw ª
ghv u￿vxowdwv prlqv idyrudeohv srxu od wk￿rulh ghv dqwlflsdwlrqv1 Vl o*h{lvwhqfh g*xqh
uhodwlrq gh frlqw￿judwlrq q*hvw sdv uhplvh hq fdxvh hqwuh ohv wdx{ g*lqw￿u￿w/ o*￿jdolw￿ ª
q
f gx yhfwhxu gh frlqw￿judwlrq hvw hq uhydqfkh v|vw￿pdwltxhphqw uhmhw￿h/ vxjj￿udqw
o*h{lvwhqfh g*xqh sulph gh ulvtxh yduldeoh/ srxu ohv wdx{ iudqŒdlv/ vxu od s￿ulrgh u￿0
fhqwh1 Gh soxv/ ohv whvwv ￿iruphov￿ frqgxlvhqw dx uhmhw gh od wk￿rulh ghv dqwlflsdwlrqv
srxu fhuwdlqv frxsohv gh pdwxulw￿v +406 prlv hw 609 prlv,/ doruv tx*hooh ￿wdlw wrxmrxuv
dffhsw￿h vxu o*hqvhpeoh gh od s￿ulrgh1
Od sulvh hq frpswh gh od uxswxuh gh 4<;50;6 dx{ Hwdwv0Xqlv hw hq Iudqfh vhpeoh
dlqvl frqgxluh ª xqh fhuwdlqh krprj￿q￿lw￿ ghv u￿vxowdwv = ohv grqq￿hv iudqŒdlvhv/ txl
dssdudlvvdlhqw ohv soxv idyrudeohv hqyhuv od wk￿rulh ghv dqwlflsdwlrqv/ grqqhqw ghv
u￿vxowdwv soxv frqwudvw￿v doruv txh ohv grqq￿hv dp￿ulfdlqhv/ txl frqgxlvdlhqw ª xq
uhmhw v|vw￿pdwltxh gh od wk￿rulh/ qh vrqw soxv dxvvl g￿idyrudeohv hqyhuv od wk￿rulh1
Srxu ohv wdx{ doohpdqgv hw eulwdqqltxhv/ lo qh vhpeoh sdv h{lvwhu gh uxswxuh qhwwh
dxwrxu gh od s￿ulrgh 4<;50;61 Ohv hvwlpdwlrqv hw ohv whvwv phq￿v vxu od s￿ulrgh 4<;60
<9 +qrq uhsurgxlwv lfl, frqgxlvhqw gh idlw ª ghv u￿vxowdwv vlplodluhv ª fhx{ rewhqxv vxu
o*hqvhpeoh gh od s￿ulrgh1
8 Frqfoxvlrq
Od plvh hq œxyuh gx whvw ￿irupho￿ gh od wk￿rulh ghv dqwlflsdwlrqv sursrv￿h gdqv fhw
duwlfoh hvw irqg￿h vxu o*hvwlpdwlrq lqgluhfwh gx UYDU1 O*hvwlpdwlrq su￿dodeoh gx prg0
ºoh vrxv od iruph g*xq YHFP shuphw g*xqh sduw gh plhx{ g￿whuplqhu ohv sursul￿w￿v
gh orqj whuph gx v|vwºph hw g*dxwuh sduw g*rewhqlu xqh hvwlpdwlrq uhodwlyhphqw vlp0
soh gx UYDU +whqdqw frpswh h{solflwhphqw ghv frqwudlqwhv gh qxoolw￿ gh fhuwdlqv
sdudpºwuhv/ plvhv hq ￿ylghqfh sdu Nxjohu/ 4<<3,1 Fhwwh hvwlpdwlrq lqgluhfwh frqgxlw
45ª wudlwhu hq xqh vhxoh ￿wdsh o*￿wxgh ghv sursul￿w￿v gh orqj whuph hw oh whvw sursuhphqw
glw gh od wk￿rulh1
Fhwwh dssurfkh hvw dssoltx￿h dx{ hxur0wdx{ doohpdqgv/ dp￿ulfdlqv/ eulwdqqltxhv
hw iudqŒdlv vxu od s￿ulrgh 4<:80<9/ srxu ghv pdwxulw￿v doodqw gh 4 prlv ª 45 prlv1
Ohv u￿vxowdwv rewhqxv frq￿uphqw/ gdqv xqh odujh phvxuh/ ghv ￿wxghv dqw￿ulhxuhv vxu
grqq￿hv dp￿ulfdlqhv hw eulwdqqltxhv = od wk￿rulh ghv dqwlflsdwlrqv dssdudæw ydolg￿h
sdu ohv grqq￿hv hq Iudqfh hw dx Ur|dxph0Xql/ pdlv hooh hvw odujhphqw uhmhw￿h hq
Doohpdjqh hw dx{ Hwdwv0Xqlv1
Ohv gl￿￿uhqfhv rewhqxhv hqwuh ohv sd|v grlyhqw wrxwhirlv ￿wuh qxdqf￿hv/ dx prlqv
hq fh txl frqfhuqh ohv grqq￿hv dp￿ulfdlqhv hw iudqŒdlvhv1 Hq h￿hw/ od s￿ulrgh g*hvwl0
pdwlrq frxyuh/ srxu fhv ghx{ sd|v/ xqh skdvh dx frxuv gh odtxhooh ohv wdx{ rqw ￿w￿
sduwlfxolºuhphqw shuwxue￿v +4<:<0;5 srxu ohv Hwdwv0Xqlv/ 4<;40;6 srxu od Iudqfh,1
O*hvwlpdwlrq gx YHFP hw od plvh hq œxyuh gx whvw gh od wk￿rulh ghv dqwlflsdwlrqv
vxu od s￿ulrgh 4<;60<9 srxu fhv ghx{ sd|v frqgxlvhqw dlqvl ª xq uhmhw gh od wk￿rulh
srxu ohv grqq￿hv dp￿ulfdlqhv hw ª xqh dffhswdwlrq gh od wk￿rulh srxu ohv grqq￿hv
iudqŒdlvhv txl dssdudlvvhqw prlqv qhwv txh oruvtxh o*hvwlpdwlrq sruwh vxu o*hqvhpeoh
gh od s￿ulrgh1
Fhw duwlfoh v*lqvfulw dlqvl gdqv od olww￿udwxuh hpslultxh u￿fhqwh/ txl frqgxlw ª uho0
dwlylvhu oh uhmhw txdvl v|vw￿pdwltxh gh od wk￿rulh ghv dqwlflsdwlrqv rewhqx kdelwxhooh0
phqw vxu grqq￿hv dp￿ulfdlqhv +Vkloohu hw doll/ 4<;6/ Fdpsehoo hw Vkloohu/ 4<;:/ hw
4<<4,1 Lo dssdudæw dlqvl txh vxu od s￿ulrgh u￿fhqwh +srvw￿ulhxuh ª 4<;6,/ od wk￿rulh
ghv dqwlflsdwlrqv q*hvw soxv uhmhw￿h srxu ohv hxur0wdx{ dp￿ulfdlqv1 Ilqdohphqw/ sdupl
ohv sd|v ￿wxgl￿v/ vhxoh o*Doohpdjqh vhpeoh uhmhwhu/ gh idŒrq urexvwh/ od wk￿rulh ghv
dqwlflsdwlrqv1
U￿i￿uhqfhv
Edloolh/ U1W1/ U1H1 Olsshqv hw S1F1 PfPdkrq +4<;6, = ￿Whvwlqj Udwlrqdo H{shfwd0
wlrqv dqg H!flhqf| lq wkh Iruhljq H{fkdqjh Pdunhw￿/ Hfrqrphwulfd/ 84+6,/ 88608961
Fdpsehoo/ M1\1 +4<<8, = ￿Vrph Ohvvrqv iurp wkh \lhog Fxuyh￿/ Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ <+6,/ 45<04851
Fdpsehoo/ M1\1/ hw U1M1 Vkloohu +4<;:, = ￿Frlqwhjudwlrq dqg Whvwv ri Suhvhqw Ydoxh
Prghov￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8+8,/ 4395043;;1
Fdpsehoo/ M1\1/ hw U1M1 Vkloohu +4<;;, = ￿Lqwhusuhwlqj Frlqwhjudwhg Prghov￿/ Mrxuqdo
ri Hfrqrplf G|qdplfv dqg Frqwuro/ 45+526,/ 83808551
Fdpsehoo/ M1\1/ hw U1M1 Vkloohu +4<<4, = ￿\lhog Vsuhdgv dqg Lqwhuhvw Udwh Pryhphqwv=
D Elug*v H|h Ylhz￿/ Uhylhz ri Hfrqrplf Vwxglhv/ 8;+6,/ 7<808471
Fxwkehuwvrq/ N1 +4<<9, = ￿Wkh H{shfwdwlrqv K|srwkhvlv ri wkh Whup Vwuxfwxuh= Wkh
XN Lqwhuedqn Pdunhw￿/ Hfrqrplf Mrxuqdo/ 439+769,/ 8:;08<51
Gdkotxlvw/ P1/ hw J1 Mrqvvrq +4<<8, = ￿Wkh Lqirupdwlrq lq Vzhglvk Vkruw0Pdwxulw|
Iruzdug Udwhv￿/ Hxurshdq Hfrqrplf Uhylhz/ 6<+9,/ 4448044641
46Hqjoh/ U1I1/ hw F1Z1M1 Judqjhu +4<;:, = ￿Frlqwhjudwlrq dqg Huuru Fruuhfwlrq= Uhs0
uhvhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj￿/ Hfrqrphwulfd 88+5,/ 5840:91
Hydqv/ P1G1G1/ hw N1N1 Ohzlv +4<<7, = ￿Gr Vwdwlrqdu| Ulvn Suhpld H{sodlq Lw DooB￿/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 66+5,/ 5;8064;1
Ixoohu/ Z1D1 +4<:9, = Lqwurgxfwlrq wr Vwdwlvwlfdo Wlph Vhulhv/ Qhz \run/ Zloh|1
Jhuodfk/ V1 +4<<9, = ￿Prqhwdu| Srolf| dqg wkh Ehkdylrxu ri Lqwhuhvw Udwhv= Duh Orqj
Udwhv H{fhvvlyho| YrodwlohB￿/ ELV Zrunlqj Sdshu q￿67￿
Jhuodfk/ V1/ hw I1 Vphwv +4<<:, = ￿Wkh Whup Vwuxfwxuh ri Hxur0Udwhv= Vrph Hyl0
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dqg Ilqdqfh/ 49+5,/ 63806541
Juhjru|/ D1Z1/ hw P1U1 Yhdoo +4<;8, = ￿Irupxodwlqj Zdog Whvwv ri Qrqolqhdu Uhvwulf0
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dqg Vkruw Udwhv lq wkh J: Frxqwulhv￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 66+5,/ 5880
5;61
Kxuq/ D1V1/ W1 Prrg| hw Y1D1 Pxvfdwhool +4<<8, = ￿Wkh Whup Vwuxfwxuh ri Lqwhuhvw
Udwhv lq wkh Orqgrq Lqwhuedqn Pdunhw￿/ R{irug Hfrqrplf Sdshuv/ 7:+6,/ 74;07691
Mrkdqvhq/ V1 +4<;;, = ￿Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv￿/ Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro/ 45+526,/ 56405871
Mrkdqvhq/ V1/ hw N1 Mxvholxv +4<<3, = ￿Pd{lpxp Olnholkrrg Hvwlpdwlrq dqg Lqihuhqfh
rq Frlqwhjudwlrq 0 Zlwk Dssolfdwlrqv wr wkh Ghpdqg iru Prqh|￿/ R{irug Exoohwlq ri
Hfrqrplfv dqg Vwdwlvwlfv/ 85+5,/ 49<05431
Mrqghdx/ H1/ hw U1 Ulfduw +4<<9, = ￿Wkh H{shfwdwlrq Wkhru|= Whvwv rq Iuhqfk/ Jhu0
pdq/ dqg Dphulfdq Hxur0Udwhv￿/ Edqtxh gh Iudqfh/ QHU &681
Nxjohu/ S1 +4<<3, = ￿Wkh Whup Vwuxfwxuh ri Hxur Lqwhuhvw Udwhv dqg Udwlrqdo H{shf0
wdwlrqv￿/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ <+5,/ 56705771
O wnhsrko/ K1/ hw K1U1 Uhlphuv +4<<5, = ￿Lpsxovh Uhvsrqvhv Dqdo|vlv ri Frlqwhjudwhg
V|vwhpv￿/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 49+4,/ 860:;1
PdfGrqdog/ U1/ hw D1H1 Vshljkw +4<<4, = ￿Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv xqghu
Udwlrqdo H{shfwdwlrqv= Vrph Lqwhuqdwlrqdo Hylghqfh￿/ Dssolhg Ilqdqfldo Hfrqrplfv/
4+7,/ 54405541
Phoodqghu/ H1/ D1 Yuhglq hw D1 Zduqh +4<<3, = ￿Vwrfkdvwlf Wuhqgv dqg Hfrqrplf
Ioxfwxdwlrqv lq d Vpdoo Rshq Hfrqrp|￿/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ :+7,/
69<06<71
Rvwhuzdog0Ohqxp/ P1 +4<<5, = ￿D Qrwh zlwk Txdqwlohv ri wkh Dv|pswrwlf Glvwulex0
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47Skloolsv/ S1F1E1/ hw O1S1 Kdqvhq +4<<3, = ￿Vwdwlvwlfdo Lqihuhqfh lq Lqvwuxphqwdo Ydul0
deohv Uhjuhvvlrq zlwk UE￿￿ Surfhvvhv￿/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:+4,/ <<04581
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H{shfwdwlrqv Prgho ri wkh Whup Vwuxfwxuh￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 8+4,/
46604761
Vkhd/ J1V1 +4<<5, = ￿Ehqfkpdunlqj wkh H{shfwdwlrqv K|srwkhvlv ri wkh Lqwhuhvw0Udwh
Whup Vwuxfwxuh= Dq Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv￿/ Mrxuqdo ri Exvlqhvv dqg
Hfrqrplf Vwdwlvwlfv/ 43+6,/ 67:06991
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857086:1


























































Qrwh = Ohv vwdwlvwltxhv gh whvw DGI vrqw irqg￿hv vxu o*hvwlpdwlrq gh od
uhodwlrq vxlydqwh = {%| ’ >n)%|3￿ n
S,
￿’￿w￿{%|3￿ n￿|/r ￿%| hvw oh wdx{
g*lqw￿u￿w hw ￿| oh whuph g*huuhxu1 O*ruguh gx surfhvvxv dxwru￿juhvvli/ ,/h v w
v￿ohfwlrqq￿ gh idŒrq ª eodqfklu ohv u￿vlgxv1
@ lqgltxh txh od vwdwlvwltxh gh whvw hvw vljql￿fdwlyh ª xq vhxlo gh 4(1 Ohv
ydohxuv fulwltxhv vrqw gh Ixoohu +4<:9,1





































































































































Qrwh = Ohv vwdwlvwltxhv gh whvw DGI vrqw irqg￿hv vxu o*hvwlpdwlrq gh od
uhodwlrq vxlydqwh = {%| ’ >n)%|3￿ n
S,
￿’￿w￿{%|3￿ n￿|/r ￿%| hvw oh wdx{
g*lqw￿u￿w srxu od suhplºuh frorqqh hw oh u￿vlgx gh od uhodwlrq gh orqj whuph
srxu od ghx{lºph frorqqh > ￿| hvw oh whuph g*huuhxu1 O*ruguh gx surfhvvxv
dxwru￿juhvvli/ ,/ hvw v￿ohfwlrqq￿ gh idŒrq ª eodqfklu ohv u￿vlgxv1 Ohv ydohxuv
fulwltxhv vrqw gh Ixoohu +4<:9,1 ￿ q2 hvw o*hvwlpdwhxu ixoo| prgl￿hg gh q2




| nq￿ ’ 0| +Skloolsv hw Kdqvhq/ 4<<3,1 |￿ q23￿
hvw od vwdwlvwltxh gh Vwxghqw dvvrfl￿h ª ￿ q2 ￿ ￿ > hooh hvw fdofxo￿h sdu od
p￿wkrgh ixoo| prgl￿hg/ dyhf xqh ihq￿wuh gh Eduwohww grqw od wdlooh hvw
g￿whuplq￿h gh idŒrq rswlpdoh1
@/ K hw S lqgltxhqw txh od vwdwlvwltxh gh whvw hvw vljql￿fdwlyh ª xq vhxlo gh
4(/ 8( hw 43( uhvshfwlyhphqw1
4:Wdeohdx 6 = Hvwlpdwlrq ghv YHFP hw whvwv ￿iruphov￿ +4<:80<9,













DDc￿￿ @ D.cDS @
2c22 2c22
￿Sc￿￿ @ ￿Hc￿e @
2c2e 2c2e
2Dcb2 @ 2Hc￿S @
2c2D 2c2D
2Sc.D @ 2Hcb￿ @
2c￿H 2c￿H
￿bcbD K 22c￿f K
2c￿D 2c￿D

































DfcSe @ DecSS @
ecf2 ecf2
￿ScD￿ @ efceS @
￿cbD ￿cbD
￿￿cbS @ ￿Dc.H @
￿cH2 ￿cH2
￿￿cSD @ ￿DcDf @
￿cHe ￿cHe
2DceD @ 2bcD￿ @
ecfS ecfS







































ebc22 @ DDceb @
Sc2. Sc2.
eScfe @ eHc2. @
2c2￿ 2c2￿
e￿cbe @ eDc2. @
￿c￿￿ ￿c￿￿
Dfcee @ D￿cbf @
￿ceS ￿ceS
D￿c￿￿ @ D2cDe @
￿c22 ￿c22

































ebcD￿ @ DDc.￿ @
Sc￿b Sc￿b
￿2cD2 @ ￿HcSb @
Sc￿. Sc￿.
2DcSf @ ￿￿c￿H @
DcDH DcDH
2ec￿2 @ ￿fcbD @
ScS￿ ScS￿
2￿cfe @ 2Sc.b @
Dc.D Dc.D


























Qrwh = Ohv hvwlpdwlrqv gx YHFP +47, vrqw rewhqxhv sdu pd{lpxp gh
yudlvhpeodqfh +Mrkdqvhq/ 4<;;,1 Oh qrpeuh gh uhwdugv gdqv oh prgºoh
YDU hq qlyhdx lqlwldo hvw ￿{￿ ª R ’￿ 1 b6@% hw b|o@Se vrqw ohv vwdwlvwltxhv
gh whvw gx udqj gh frlqw￿judwlrq = srxu fkdtxh frxsoh gh pdwxulw￿v/ od
suhplºuh oljqh uhsu￿vhqwh oh whvw gh o ￿ ￿/ od vhfrqgh oh whvw gh o ’￿ 1O h v
ydohxuv fulwltxhv vrqw g*Rvwhuzdog0Ohqxp +4<<5,1 Oh whvw gh q ’ q
fc dyhf
q
f ’E ￿ c￿￿cq￿￿/ hvw irqg￿ vxu od vwdwlvwltxh gx udssruw ghv pd{lpd gh
yudlvhpeodqfh/ txl/ vrxv o*k|srwkºvh qxooh/ vxlw xq ￿2 ª 4 ghju￿ gh olehuw￿
+hqwuh sduhqwkºvhv/ od s0ydoxh,1 Ohv ghx{ ghuqlºuhv frorqqhv fruuhvsrqghqw
dx whvw gh qxoolw￿ ghv vwdwlvwltxhv o￿EK￿ hw o2EK￿ +￿txdwlrqv +44, hw +45,,1
Vrxv o*k|srwkºvh qxooh gh od wk￿rulh ghv dqwlflsdwlrqv/ fhv vwdwlvwltxhv gh
whvw vxlyhqw xq ￿2 ª 2R￿￿ ghju￿v gh olehuw￿ +hqwuh sduhqwkºvhv/ od s0ydoxh,1
@/ K hw S lqgltxhqw txh od vwdwlvwltxh gh whvw hvw vljql￿fdwlyh ª xq vhxlo gh
4(/ 8( hw 43( uhvshfwlyhphqw1
4<Wdeohdx 7 = Hvwlpdwlrq ghv YHFP hw whvwv ￿iruphov￿ +4<;60<9,













2￿c2￿ @ 2Sc2￿ @
￿cf￿ ￿cf￿
￿HcSS K 2￿cDf K
2cHe 2cHe
￿ScfH K ￿Hc.b K
2c.2 2c.2
￿HcfS K 2￿c￿b K
￿c￿￿ ￿c￿￿
￿Sc￿b K ￿bc2. S
￿cfH ￿cfH

































2Dcfb @ ￿fc￿S @
Dcf. Dcf.
22cf￿ @ 2Scbf @
ecH. ecH.
22cSD @ 2Hc2H @
DcSe DcSe
2bcSD @ ￿Dcb￿ @
Sc2H Sc2H
2HcSf @ ￿Sc￿2 @
.c.2 .c.2


























Qrwh = yrlu qrwh gx wdeohdx su￿f￿ghqw1
53Dqqh{h = Fdofxo ghv pdwulfhv (￿ gdqv oh fdv 6 hw ? txhofrqtxhv
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